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Abstract
Background—There is a continuous debate regarding the best bottle nipple to be used to enhance
the bottle-feeding performance of a preterm infant.
Aim—To verify that feeding performance can be improved by using the bottle nipple with the
physical characteristics that enhance infants’ sucking skills.
Methods—Ten “healthy” VLBW infants (941±273 g) were recruited. Feeding performance was
monitored at two time periods, when taking 1–2 and 6–8 oral feedings/d. At each time and within
24 h, performance was monitored using three different bottle nipples offered in a randomized order.
Rate of milk transfer (ml/min) was the primary outcome measure. The sucking skills monitored
comprised stage of sucking, suction amplitude, and duration of the generated negative intraoral
suction pressure.
Results—At both times, infants demonstrated a similar rate of milk transfer among all three nipples.
However, the stage of sucking, suction amplitude, and duration of the generated suction were
significantly different between nipples at 1–2, but not 6–8 oral feedings/d.
Conclusion—We did not identify a particular bottle nipple that enhanced bottle feeding in healthy
VLBW infants. Based on the notion that afferent sensory feedback may allow infants to adapt to
changing conditions, we speculate that infants can modify their sucking skills in order to maintain a
rate of milk transfer that is appropriate with the level of suck-swallow-breathe coordination achieved
at a particular time. Therefore, it is proposed that caretakers should be more concerned over
monitoring the coordination of suck-swallow-breathe than over the selection of bottle nipples.
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Introduction
The recommendations of the American Academy of Pediatrics for the hospital discharge of
very-low-birthweight (VLBW) infants include “competent breast or bottle-feeding without
cardiorespiratory compromise” [1]. This may be difficult to achieve for VLBW infants because
they often have difficulties transitioning from tube to independent oral feedings, i.e., 8 breast
and/or bottle feedings/d [2]. However, economic incentives necessitate hospital discharge at
the earliest possible time. Insofar as attainment of independent oral feeding is correlated with
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earlier hospital discharge [3], it is important to examine whether transition from tube to oral
feeding can be accelerated.
Feeding difficulties arise primarily from the infant’s own immaturity. Oral motor competence
of VLBW infants matures over time [2,4]. This is illustrated by the recent development of a
sucking scale for preterm infants born between 26 and 29 wk gestation [2]. The ability to feed
orally can be affected by external factors, such as the type of bottle nipple and bottle used [5–
8], fluid type and viscosity [9], the infant’s behavioral state [10], decreased endurance, and/or
caretakers’ feeding approach. Little information, however, is available on the extent by which
these external factors affect oral motor performance. As such, caretakers will routinely try
different approaches, e.g., varying the bottle nipples and/or bottles used, in an attempt to
accelerate the transition from tube to oral feeding of these infants.
This study focused on the effectiveness of different bottle nipple types in improving the oral
feeding performance of VLBW infants. This interest is based on the fact that there is a
continuous debate among healthcare professionals regarding the best bottle nipple to use for a
particular infant. Indeed, the physical characteristics, such as size, shape, diameter of nipple
hole, and softness (collapsibility) of a bottle nipple may affect the infants’ oral feeding
performance [9]. Thus, the goal of this investigation was to compare how three different types
of bottle nipples, commonly used in nurseries, affect the oral feeding performance of VLBW
infants as they mature. We hypothesized that such performance, at a particular time, can be
improved by the use of the bottle nipple with the physical characteristics that will enhance the
sucking skills, e.g., stage of sucking and suction amplitude, that the infant has developed at
that particular time.
Methods
Subjects
Very-low-birthweight infants were recruited from the neonatal nurseries at Texas Children’s
Hospital (Houston, TX, USA). Those with the following conditions were excluded: major
congenital anomalies, infections, hypoxic-ischemic encephalopathy, grades III and IV
intraventricular hemorrhage [11], hydrocephalus, or oxygen requirement greater than ¼ l by
nasal cannula. The introduction and advancement of oral feeding were left to the discretion of
the attending physicians. Ten infants were recruited (6 females, 4 males). Their birthweight
averaged 941±273 g (mean±SD). They were born between 24 and 29 wk gestational age (27
±2 wk), as determined by maternal dates and antenatal ultrasonography. The racial/ethnic
distribution was 5:3:2 (Caucasian: African-American: Hispanic). The protocol was approved
by the Institutional Review Board for Human Subject Research for Baylor College of Medicine
and Affiliated Hospitals. Informed consent was obtained from the parents and the attending
physician.
Study design
Oral feeding performance was monitored longitudinally at two time periods: when infants were
taking 1–2 and 6–8 oral feedings per day. At each time period and within 24 h, three feedings,
each using a different nipple, were monitored. Three commonly used nipples in the United
States were evaluated: nipple A (Similac Premature Nipple, Ross Laboratories, Columbus,
OH), nipple B (Enfamil Premature Nipple, Mead Johnson, Evansville, IN) and nipple C
(Similac Infant Nipple, Ross Laboratories, Columbus, OH). Table I summarizes their specific
physical characteristics as provided by the respective suppliers. We have also verified that the
manufacturing process of the nipples has not changed over the last 7 y. The relative flow rates
presented in the table are based on the actual flow rate calculated by Mathew using a mechanical
system that applied a predetermined suction pressure pulse (−60 to −120 cm H2O) at a fixed
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rate of 40 pulses/min [5]. A blind assessment of the “relative softness” of the nipples was
conducted by one of the investigators (CES) using empty nipples. For the duration of the study,
the subjects were randomized to one of six possible sequences in which the three nipples could
be used. To ensure that the study did not interfere with the infant’s opportunity to breastfeed,
the monitored feedings were carried out only in the absence of the mother. Insofar as volume
and fluid types and viscosities can affect flow rate, within each 24-h period, the same type and
volume of milk that infants received routinely was offered [12]. As behavioral states [13] and
fatigue affect oral feeding performance, care was taken to ensure that infants were not disturbed
30 min before each test. In order to eliminate variation due to different feeding methods, the
same investigator (CES) fed all the subjects. If present, orogastric tubes were removed prior
to the feeding. To monitor the true performance of the infants, no encouragement was given
during the monitored sessions, i.e., the infants were allowed to feed at their own pace. If the
infant did not finish the prescribed volume in 20 min, the remaining milk was given by naso-
or orogastric tube. To assess the volume consumed, the bottle was weighed at the beginning
and at the end of the feeding. Any milk leakage during the feeding sessions was monitored by
weighing the bib pre- and post-feeding. Milk density being ~1.01 kg/l, 1 g was equated to 1
ml.
Outcome measures
The rate of milk transfer for the total duration of the feeding (ml/min, volume consumed over
duration of an entire feeding) was used as the primary outcome of the oral feeding performance
of the infants. Percent overall transfer (percent of volume transferred during an entire feeding/
total volume of milk ordered for that feeding) was also monitored as it is one of the clinical
measures on which progression of oral feeding is based. The duration of a feeding included
the “out” times when the infants needed to burp, cough, and/or rest. The duration of these “out”
times was left to the discretion of the investigator (CES) who assessed when the infant needed
to stop and was ready to feed again. In our opinion, this provided a more accurate measure of
the actual performance of the infant.
Prior to each monitored feeding, the bedside nurse was asked her choice of bottle nipple if she
were to feed the infant. The percent agreement between caretakers’ nipple selection and the
one providing the optimal rate of milk transfer at each feeding was calculated as follows:
number of times caretakers’ choice of nipple matched the one providing the optimal milk
transfer over the total number of assessments conducted multiplied by 100. The behavioral
states of the infant as defined by the Neonatal Individualized Developmental Care and
Assessment Program [NIDCAP] [13,14] were measured from the start of the feeding and
approximately every 5 min by the same investigator (CES) during the feedings. From these,
an average behavioral state was computed for each feeding session. Oxygen desaturation,
defined as oxygen saturation <88% for any length of time, was noted during all the assessments.
To measure specific features of an infant’s sucking, we used the same monitoring device
described in our earlier studies [15,16] with the following modification. The suction component
which measures the negative intraoral pressure was monitored via a Mikro-tip sensor
transducer (Model SPR-524, Millar Instr., Houston, TX) inserted flush to the tip of the nipple
without protruding into the infants’ mouth. The use of such a pressure-sensing tip catheter
negated the potential dampening of the pressure waveform during feeding. The expression
component which measures the positive pressure generated by the compression/stripping of
the nipple was measured through a Silastic/polyethylene tubing connected to a pressure
transducer (Gould P23, Astro-Med Inc., Boston, MA). Such a set-up allowed for the
simultaneous recording of the suction and expression/compression components of sucking
(Figure 1). Data were recorded onto a MP100 Biopac System (Biopac Inc., Santa Barbara, CA)
and analyzed using the Biopac Acknowledge software program.
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The following sucking outcome measures were monitored for each feeding: stages of sucking
as defined in our earlier study [2], amplitude of the suction component (mmHg), duration of
the generated negative intraoral pressure (time t, s), duration of sucking bursts (s), number of
suctions and expressions per burst, and total “out” time (s). These parameters were computed
from the average of three sucking bursts occurring within the first, second, and last third of the
monitored sessions. Each measure was calculated based on a weighted average using the
following formula: [T1(B1)+T2(B2)+T3(B3)]/[T1+T2+T3], with T1, T2, T3 corresponding
to the duration of the respective sucking bursts and B1, B2, B3 the average of a particular
measure within the respective bursts. Sucking bursts were delineated by periods of pause (no
sucking) ≥1.5 s. More specifically, a feeding session was divided into three equal time periods.
Within each period, durations of all the sucking bursts were measured to compute a mean
duration. The sucking burst to be analyzed was selected on the basis that its stage of sucking
was representative of that of the majority of sucking bursts within that same period and its
duration was closest to the mean duration computed (T1, T2, T3). Within these selected bursts,
the average value of each of the defined outcomes, e.g., suction amplitude, was calculated (B1,
B2, B3) and its weighted average was computed using the above equation.
Data analyses
Insofar as the rate of milk transfer is positively correlated with the stage of sucking and the
strength of the suction component [2,17,18], and that these two factors change as the infants
mature, it was deemed appropriate to analyze the effect of different bottle nipples on all the
outcome measures within a specific time period, i.e., when infants were taking 1–2 and 6–8
oral feedings/d. A one-way repeated measure analysis of variance was used to compare within
time periods. Post hoc analyses (paired t-test) were conducted when appropriate. Paired t-test
was used to assess differences within a group between time periods. The percent agreement
between caretakers’ choice of bottle nipple and the one giving the best rate of milk transfer at
each feeding session was calculated as described above. A p-level of 0.05 was deemed
significant.
Results
Table II shows the ages and weights at which the infants achieved specific oral feeding
milestones. The results of all the clinical and sucking outcome measures at 1–2 and 6–8 oral
feedings/d are presented in Tables III and IV. When the infants were taking 1–2 oral feedings/
d, the rate of milk transfer, overall transfer, burst duration, and total “out” time were not
statistically different between the three bottle nipples (Table III). However, sucking stage,
suction amplitude, and duration of the generated suction (t) were significantly different
(Figures 2–4). At 6–8 oral feedings/d, no difference was observed in any of these outcome
measures (Tables III and IV, pFigures 2–4). Table IV shows that there was a greater number
of expressions than suctions per burst duration for nipples A and B, but not for nipple C at both
times, i.e., 1–2 and 6–8 oral feedings/d. The rates of milk transfer at 1–2 and 6–8 oral feedings/
d with nipple B were not significantly different (=0.089). Milk leakage, if any, for all infants
was <3 ml and not significantly different between nipples at both time periods. The agreement
between caretakers’ choice of nipple if they were to feed the infants and the one providing the
best rate of transfer was 0% and 22% at the two time periods, respectively.
Behavioral states fluctuated between drowsiness and quiet alert—two states deemed optimal
for oral feeding [13]—and were not significantly different between bottle nipples or infants.
The number of episodes of desaturation was similar between nipples A, B, and C, i.e., 9% (4/42
monitored feedings), 16% (7/44), and 14% (6/42), respectively. These events resolved without
added therapy or stimulation. In only one case with nipple C was a feeding halted because of
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oxygen desaturation. This particular infant had been weaned from 1/4 l to 1/8 l nasal cannula
oxygen just prior to the monitored feeding.
Discussion
Healthcare professionals strive to identify the bottle nipple type that they believe will enhance
the bottle-feeding performance of their young patients. Some caretakers will abide by the
description provided by the manufacturers, e.g., “premature” nipple. Others will use a trial-
and-error approach whereby a variety of bottle nipples will be tested at different feeding
sessions. The one providing the best milk intake will be selected as the most appropriate one
to use. Customarily, as the infant matures, the choice of nipple is modified. Although it is
recognized that bottle nipples differ in physical characteristics, there is no information as to
how these properties affect the sucking skills of infants. Thus, the primary goals of the present
study were first to identify the nipples commonly used in our nurseries that best enhance the
oral feeding performance of VLBW infants as they mature, i.e., when taking 1–2 and 6–8 oral
feedings/d, and second, to examine how specific sucking measures are altered with each type
of nipple during those times. Secondarily, we compared how often the selection of the bottle
nipple by caretakers matched the one that gave the best rate of milk transfer. This was conducted
in order to determine whether the criterion(a) they used was constructive.
The observation that rate of milk transfer and overall transfer, at both time periods, were similar
between all three nipples suggests that their physical characteristics did not affect the oral
feeding performance of the infants. The burst duration and total “out” time were used to reflect
the needs infants had to stop feeding for reasons such as burping, coughing, and resting. It was
reasoned that if a particular nipple were more difficult to use and led to greater difficulty, such
occurrence would be reflected by shorter burst duration and/or greater total “out” times. No
such observation was made at either time period, suggesting that the three nipples were equally
challenging. This likely resulted from the fact that infants were allowed to feed at their own
pace, i.e., they were given control of their own intake rather than “encouraged” to complete a
feeding within an allocated time.
At 1–2 oral feedings/d, the stages of sucking, suction amplitude, and duration of the generated
negative intraoral pressure were significantly different between bottle nipples. Infants with
nipple B not only used a less mature sucking pattern, implying that the suction component was
not used as frequently, but also smaller suction amplitude and shorter duration of the generated
suction than with nipples A and C. With the knowledge that the hole diameter of nipple B is
greater than that of the other two nipples, it appears that infants adapted specific sucking skills
in order to maintain a similar milk flow or rate of milk transfer with all three nipples. The
observation that infants can use the mature alternation of suction/expression with nipple C
while falling back on a more immature pattern, i.e., using the expression component only, with
nipples A and B, supports the notion that infants can “fine-tune” their sucking skills. This
observation is supported by the studies of Mathew et al. and Qureshi et al., suggesting that
infants can regulate milk flow [7,19]. It is recognized that safe and successful oral feeding is
dependent on an adequate coordination of suck-swallow-breathe and that the latter matures
over time [20–23]. Thus, the degree of such coordination attained by an infant at any given
time may determine the rate of milk transfer that he/she can handle safely, e.g., swallow without
desaturation and/or aspiration. Based on this premise, we propose that preterm infants can
modify their sucking skills in order to maintain a rate of transfer that is compatible with the
level of suck-swallow-breathe coordination they have attained at a particular time. This concept
is supported by the work of Finan and Barlow [24] who speculate that the sucking motor pattern
of infants is under the control of a central pattern generator (CPG). This CPG can adapt to
changing environmental conditions via afferent sensory feedback, such as in our case, the
degree of coordination of suck-swallow-breathe. Similarly, Craig et al. have proposed the
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existence of an intrinsic τ-guide in the control of sucking pressure in infants [25]. Recently,
they applied the same model in their study of perceptuo-motor control in adults and suggested
that the τ-guide principle may be a common process linking various forms of timing in motor
function [26]. The lack of difference in sucking variables when infants are taking 6–8 oral
feedings per day may result from the maturation of the swallowing reflex and swallow–
respiration interfacing. The former become more adaptable, e.g., larger and varying bolus sizes
can be handled and the swallowing reflex is swifter as a result of improved coordination of the
swallowing musculature [16,27]. At the same time, there is evidence that coordination of suck-
swallow-breathe progresses [16]. Indeed, we observed that, as preterm infants mature,
swallow–respiration interfacings, i.e., times at which swallowing preferentially occurs in
relation to the respiratory cycle, change to favor a safer time to swallow (start or end of
inspiration when airflow is halted). Thus, we speculate that the lack of significance in sucking
skills between bottle nipples when infants reached 6–8 oral feedings per day reflects not only
certain maturational aspects of sucking, but also the increased adaptability of the swallowing
process and/or the improved suck–swallow and swallow–respiration interactions achieved with
maturation. It is of interest to note that, despite such maturation, our subjects still fell back on
using expression only more frequently than the alternation of suction/expression when feeding
with nipples A and B versus C. We have made similar observations on full-term and preterm
infants who have attained independent oral feeding when flow rate was apparently too fast as
evidenced by increased milk leakage (unpublished).
It should be remembered that, by the nature of our exclusion criteria, our subjects are
predominantly “healthy”, medically stable VLBW infants whose neurological and pulmonary
function are maturing with time. If our theory is correct, it would be expected that infants with
neurological impairments or other medical complications, e.g., bronchopulmonary dysplasia,
may not demonstrate such a degree of oral feeding adaptability due to impaired afferent sensory
feedback or an inability to overcome specific obstacles such as oxygen desaturation. This may
explain some of the persistent feeding difficulties encountered by these infants. It is evident
that additional studies will be necessary to verify such speculation.
Finally, the poor agreement between caretakers’ choice of bottle nipple and the one providing
the best rate of milk transfer would suggest that selection of an optimal bottle nipple may not
be achievable at present due to our limited knowledge of how infants’ oral feeding skills can
be complimented by the physical properties of the nipples. It would also appear that concern
over the best bottle nipple to use for a feeding may not be of clinical significance insofar as
our subjects were already capable of modifying their feeding skills to maintain a certain rate
of milk transfer when taking 1–2 oral feedings/d.
In summary, we did not identify a particular bottle nipple that enhances oral feeding
performance. However, we speculate that the choice of bottle nipple may not be an important
determinant of the oral feeding performance of healthy VLBW infants. The integrity of their
afferent sensory feedback may allow them to modify specific sucking variables in order to
maintain an appropriate rate of milk transfer given the maturity level of their suck-swallow-
breathe coordination. This study downplays the importance of the selection of an optimal bottle
nipple, but stresses the importance of monitoring suck-swallow-breathe coordination by
allowing infants to feed at their own pace rather than “encouraging” them to finish a prescribed
volume within a specific time period.
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Figure 1.
Schematic of the bottle nipple apparatus for the monitoring of sucking. PT: pressure transducer;
PE200: polyethylene tubing.
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Figure 2.
Stages of sucking by nipple type: (a) at 1–2 oral feedings per day (F=5.442, df=2, p=0.028);
(b) at 6–8 oral feedings per day (F=0.751, df=2, p=0.486). ⋆Post hoc significance.
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Figure 3.
Suction amplitude (mmHg): (a) at 1–2 oral feedings per day (F=4.170, df=2, p=0.033); (b) at
6–8 oral feedings per day (F=2.052, df=2, p=0.164).
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Figure 4.
Duration of generated suction (s): (a) at 1–2 oral feedings per day (F=7.278, df=2, p=0.005);
(b) at 6–8 oral feedings per day (F=0.970, df=2, p=0.380). ⋆Post hoc significance.
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Table I
Physical characteristics of bottle nipples.
Description Nipple A Nipple B Nipple C
Relative softnessa + (softest) +++ ++
Relative hole diameterb + (smallest) ++ +
Additional cross cut Yes No Yes
Relative flowc + (slowest) +++ ++
a
Measured blinded by one of the investigators (CES) from an empty nipple.
b
As provided by the respective manufacturers; holes are laser cut; B is ~29% greater than A and C.
c
Based on Mathew using a mechanical system to simulate suction [5].
Acta Paediatr. Author manuscript; available in PMC 2008 May 19.
N
IH
-PA Author M
anuscript
N
IH
-PA Author M
anuscript
N
IH
-PA Author M
anuscript
SCHEEL et al. Page 14
Table II
Infant oral feeding milestonesa
Corrected gestational age (wk) Weight (kg)
Introductioin of oral feedings 33.8±1.6 1.48±0.22
Feeding assessment at 1–2 oral feedings/d 34.8±1.3 1.66±0.21
Feeding assessment at 6–8 oral feedings/d 35.9±1.4 1.95±0.28
Full oral feedings 36.0±1.5 1.99±0.40
Hospital discharge 38.3±2.7 2.22±0.24
a
Mean±SD.
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Table III
Outcome measuresa
Nipple A Nipple B Nipple C pb
1–2 oral feedings/d
 Rate of milk transfer (ml/min) 1.5±0.8 1.7±1.2c 1.6±0.9 0.639
 Overall transfer (%) 78±27 79±25 75±31 0.944
 Burst duration (s) 15±7 15±6 21±13 0.123
 Total “out” time (s) 112±87 122±45 67±37 0.114
6–8 oral feedings/day
 Rate of milk transfer (ml/min) 1.4±0.9 2.2±1.5c 1.5±1.3 0.061
 Overall transfer (%) 65±33 77±27 67±36 0.600
 Burst duration (s) 11±4 15±10 12±4 0.311
 Total “out” time (s) 85±34 77±54 151±129 0.137
a
Mean±SD.
b
One-way repeated measures ANOVA.
c
Paired t-test 1–2 vs 6–8 oral feedings/d, p=0.089.
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Table IV
Average number of suctions and expressions per burst duration.
1–2 oral feedings/d Nipple A Nipple B Nipple C
No. of suctions/burst duration 10±5 10±7 16±11
No. of expressions/burst duration 15±8a 17±6a 17±12
6–8 oral feedings/day Nipple A Nipple B Nipple C
No. of suctions/burst duration 9±5 17±24 12±7
No. of expressions/burst duration 13±6b 21±25b 15±8
a
Paired t-test: p=0.02 versus respective no. of suctions/burst duration.
b
Paired t-test: p≤0.01 versus respective no. of suctions/burst duration.
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